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The amphipod Coropliwm tricenonyx is a fouling organism living in parchmeut
tubes on timber and concrete jetties. It is a hardy form, tolerating wide ranges
of salinity and temperature under laboratory conditions (Shyamasundari, 1973).
It occurs abundantly throughout the vear with peak numbers between November
and March (Shyvamasundari, 1972).

It is generally agreed that salinity and temperature play a major role in the
development of embryos. The rate of embryonic development has been reported in
several cases to be affected by salinity and the variation in salinity may modify
the time and length of breeding season. Temperature fluctuations may enlarge or
narrow the salinity range of the species and the salinity in turn may influence the
temperature tolerance (Kinne, 1932; 1953a; 1936a; 1957; 1958a; and 1939).
There have been quite a number of studies on reproduction aud development in
amphipods but contributions towards the effects of salinity and temperature or
the combined effects of these parameters on development have been documented
by a few papers. Most oi the literature is based on field observations. Clemeus
(1950) studied the effect of salinity and temperature on the incubation period
(time between fertilization and hatching) i Ganonarus fasciatus.  Bovie (1951)
dealt with the pre-embrvonic, post-embryonic and adult stages of Hyalella asteca.
Kinne (1953a; 1939 1900 ; 1661 ; and 1964) furnished information on the effects
of salintty and temperature and their combined effects on the development of
embryos, mumber of eggs and upper limiting temperature for embryonic develop-
ment in Ganimarus ducbeni. Hynes (1954) showed the differences in the capacity
of egg laying between freshwater and brackish-water forms of Genarus ducbeni.
McLusky (1967 1968) has given some details about the effects of salinity on
survival, molting and growth activities of Corophium wolutator. Vlasblom and
Bolier (1971) studied the tolerance of embryos of Marinoganinarus marinys and
Ovrcliestia gammarella to low salinities.  The duration of embryvonic development
at various temperatures in Gammarns ducbeni, Ganonarus lawerencianus, Gan-
marits obtusatus, Ganmarus occanicus and Gammarus sctosus was studied by
Steele and Steele (1973).  Dorgelo (1974) discussed the effect of salinity and
temperature combinations on Chaetoganunarus marinus, Ganunaris tigrinns and
Gammarus forsarum from marine, freshwater and brackish-water, respectively.
Shyamasundari and Hanumantha Rao (1974) furnished some details about the
effects of temperature on the embryonic and post-embryvonic stages of Corophiuin
triaenony.v.

An experimental study has been undertaken in order to ascertain more pre-

Iv the effects of salinitv and the combined effects of salinity aud temperature
o the development of eg

gos i C. triaenony.r.
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MATERIALS AND METHODS

Spectmens of C. frivenony.r, after collection from jetties in the Visakhapatnam
Harbor, were transferred to stock tanks. Berried females were separated and
maintained in large tanks to obtain fertilized eggs.  All the eggs in a single brood
were in the same stage of development. Removal of eggs from the brood pouch with
a sterile needle was done according to the method followed hy Shyamasundari and
Hanumantha Rao (1974). Usually eggs at 64 cell stage were used for all experi-
nments.  Fifty eggs were used in each experiment.

To each of the fingerbowls was added 50 cc of sea water of known salinity.
A series of salinities covering a range from 7.3%¢ to 37.5%c at 2.5%, intervals was
prepared. Different concentrations were prepared as described by Shyamasundari
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Ficure 1. Effect of salinity on the percentage development and incubation period of eggs
of Corophium triacnonya Stebbing. The temperature was held constant at 28° C (=0.1° C).
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(1973). Lach experiment was repeated three times. All cultures were maintained
at a constant temperature of 28° C (= 0.1° C). The dishes were examined daily
and the degenerating eggs were removed. Water was changed every day.

To test the combined effect of salinity and temperature, six salinities (10%,,
1500, 20%¢, 25%c, 30%c, and 35%) and five temperatures (9° C, 15° C, 22° C,
28° C, and 35° C) were chosen. Duplicate cultures were established at each
of the six salinities and five temperatures tested, giving a total of 30 combinations
and 60 cultures in each experiment. For all experiments controls were main-
tained. Normally, development in amphipods is completed in ten days time at
salimty 30% and temperature 28° C. [For convenience the entire development was
divided into three stages: Stage I, advanced gastrula stage; Stage II, formation
of rudimentary appendages; and Stage 111, formation of eve.

ResuLts

Corophinm triaenony.r eggs dev elope(l into voung ones throughout a wide

-ange of salinities from 7.3%¢ to 37.5%. at 28° C (=0.1° C) maintained in the
laboratory. At a higher concentration of 40%, and a lower concentration of 5%,
development ceased. At 37.3% only 5.3% of the embrvos (le\'elnped mto normal
voung ones and at 35%., 17.5% (lc\clnped normally. At 7.5%¢ and 10%, only
10.5% and 17.597, respectively, of the embrvos developed normally. Approxi-
mately 44+.5% of the embryos developed into young ones at 12.5%¢ but the salinity
range for a satisfactory (lc\e]()])lm_nt of at least 38.5% was between 15%, and
17.5% . Similarly more than 70% of the embryvos developed into young ones
between 20% . and 32.5%, but the salinity range for a very high percentage (S0%o—
95%) was between 27.50/¢ and 30%.. With temperature constant at 28° C (%= 0.1°
C). the optimum salinity range for embryvonic development is 27.5%: to 30%..
The results are presented graphically in Figure 1.
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Fieure 2. Effect of salinity on various stages of development of eggs of Corophinm triacnonyx
Stebbing. The temperature was held constant at 28° C (%0.1° C).
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Ficure 3. Combined effect of salinity and temperature on the percentage development
of eges of Corophium triacnonyx Stebbing.

The overall time required for complete and successful development was pro-
longed at lower and higher salinities (35%0 and 10%.). At 33%¢ only 17.5%
developed normally, and it was completed i 18 davs time: at 30%., in 10 days;
at 25% it was spread over 12 davs: it was 13 days at 159,200 ; and 17 days
at 10%c. The results are given graphically in Figure 1.

At 35%¢ completion of the first stage required only 2 days, second stage 7
days and third 9 days. At 30%. the first stage required 2 days, second and third
stages required 4 days each. For the eggs kept at 237 the first stage required
2 days, second stage 6 dayvs and third + days. Development at 20%, and 15%,
was almost similar.  The first stage required 2 davs, second stage 6 days and
third 7 dayvs. At the lowest salinity tested only 17.5% developed into voung
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Ficure 4. Combined effect of salinity and temperature on the incubation
period of eggs of Corophivm iriaenonyx Stebbing.

ones.  The first stage required 2 days. second stage 8 days and third 7 days.
Results are presented graphically in Figure 2.

Observations on the combined effects of salinity and temperature revealed that
709 of the eggs developed into voung ones with the dashlined houndary which
was circumscribed by temperatures from 22° C to 28° C and salinity from 25/,
to 30%..  99% was obtained at a temperature of 28° C and salinity 30%. but
this percentage was drastically reduced to 109%-13% at 107, At the lowest
temperature tested (9° C), the percentage of development at all salinities was
drastically reduced. The borderline appears to be 15° C in that a normal number
of eggs (309%—40%) developed at 15%., 207, and 23%c; 60% developed at
309 and 19.5%, at 35%.. Though development was hastened at 35° C
between 139, and 307, at no salinitv tested did 509 of the eggs develop into
voung ones. At 35%c at none of the temperatures tested did as many as 50%
of the eggs develop. Only a maximum of 40% was obtained at 28° C but this
salinitv was well above optimum and almost approached the upper limit of the
entbryonic development of C. fricenonyr.  Results are given graphically in
Ingure 3.

At 9° C and 10%, development ceased. A more detailed analysis of the data
revealed that there was not much difference at 15° C and 22° C between 159,

d 25%.  Development at 30% at all temperatures tested was dependent on

nperature; that is, with an increase in temeprature the incubation period was

luced. At extrenie salinities (10%¢ and 35%¢) the development was retarded
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at higher temperatures of 35° C. At 9° C at all salinities tested it was more than
double the normal time. At 33° C between 153, and 307/, the development time
was between 7-11 days: but at 1090 and 33%, it was spread over 27 and 23 days,
respectively.  Results are presented graphically in Figure 4.

Two important points were noticed during the course of the experiments.
First, the effect of salinity on various stages seems to be different. In all con-
centrations tested there was no variation in the time taken for the first stage
(advanced gastrula stage) to be completed. Secondly, there is a relationship
between the poor percentage of development and prolonged incubation periods,

Discussion

The salinity tolerance in amphipods appeared to be different in different stages.
Eggs of Corophinm triaenony.y are found to develop at a fairly wide range of
salinity, from 7.53%¢ to 37.5%. although the adults are able to tolerate a range
between 0.0/ to 59.8%. Kinne (1933a) states that the eggs of Gammarus
duebeni (near Kiel, Germany) can not develop below 19, though the adults
live indefinitely in fresh water. The eggs of the shore cral) Carcinus macnas
develop normally only in salinities between 289 to 40%., while adults can tolerate
salinities below 47, (Broekhuysen, 1936). Similar findings have been reported
in Balanus by Barnes (1933). Tt can be seen that although the eggs of C.
trigenonyy developed through the above mentioned range, satisfactory percentage
(709% ) was obtained at a slightly smaller range of 20%-32.5%, and a maximum
percentage at a still smaller range of 27.5730%¢. This was considered as the
optimum range at a constant temperature of 28° C. According to Crisp and
Costlow (1963) in Balanus cburncus, Balanus awmphitrite amphitrite and Chelo-
nobia patula, development took place at a normal rate at 25%¢ to 40%; but when
they were exposed to salinities of 23%,~15%, or 409 —060%/, only a portion of
the eggs hatched.

The normal development rate was 10-12 davs between 25%-30%c, but it was
greatly prolonged (17-18 days) at extreme salinities (10%, and 35%¢). Tt is
apparent from the results that extremes of salinities impose more limitations on
development. Extreme salinities reduce the reproductive performance (Kinne,
1956Dh, 1936¢, and 1938b). In England Gamwmarus ducbeni of brackish-water
lays more eggs than its counterpart in fresh water (Hynes, 1954). The optimal
range of salinity for successful development in Gamwarus duebeni seems to
be 29/~10%, at a temperature of 8° C (Kinne, 1939). Kinne (1933a) reported
that Gammarus ducbeni, for which incubation period was determined at various
salinities at 18° C-20° C. produced an average of 18 eggs in 2%, 27 eggs at
10% and 17 eggs at 30% . Vlasblom and Bolier (1971) stated that the incubation
rate remained unaltered by changes in salinities but the juvenile number decreased.

Development ceases at 9° C at lower salinity of 10%/.. The maximum percent-
age of development was noticed in salinities of 253%,-30%. at temperatures 22° C—
28° C. VFairly satisfactory development was observed at 20%. and 15%. at all
temperatures. The incubation period was retarded at 357 and 10//.. According
to Kinne (1953a) in Gannmarus duebent at 5° C and 6° C there was no significant
difference, but above 8° C a progressive retardation was noticed both in 2%, and
30¢¢ relative to the values observed at 10%.
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The lower limiting salinity for development in C. trigenonyy is 15%c at
9° C and 10% between 15° C-35° C. According to Broekhuysen (1936) the
lower limiting salinity for development of Carcinus macnas is about 20%. at 16.3° C
and 20%, at 10° C. A close relationship between the effect of salinity on the
rate of development and survival has been demonstrated by Costlow, Bookhout
and Monroe (1900) i several brachyuran larvae.

It is clear that the distribution of Corophium tricenonya in Visakhapatnam Har-
bor, and presumably in other brackish and estunarine habitats, will be limited by
the effects of salinity and the comimed effects of salinity and temperature. It
should be possible to define in terms of the physical properties of the waters
(ranges of sahnity in relation to ranges of temperatures) which zones of harbors
and estuaries will support stocks of C. trianenoy.r capable of successful reproduc-
tion and therefore where these tube building amphipods are likely to become
established as permanent elements of the local fauna.

I am grateful to Professor K. Hanumantha Rao, Head of the Department
of Zoology, Andhra University for guidance and helpful criticism.

SUMMARY

1. Experiments were conducted to determine the percentage of development
and incubation rate of eggs of Corophinm triaenonyr at various salinities from
55(( to 40541

2. The eggs develop only through a range of salinities from 7.5%¢ to 37.5%,
although the adults are able to tolerate a range bebtween 0.6%¢ to 39.8%. A
satisfactory percentage of development occurred hetween 20%, and 32.5%. but
the optimum range was between 27.3%, and 309, at a constant temperature of
28% C (£ 0.1° C). Extreme salinities retarded the incubation period, being 18
and 17 days at 350 and 100, respectively.

3. In the experiments conducted to determine the combined effect of salinity
and temperature, it was revealed that the hest results were obtained at a combina-
tion of 305, and 28° C. The upper limiting salinity appeared to he 35%¢ at all
temperatures and lower limiting salinity 1s 10%¢ between 15°C and 35° C and
150, at 92 C. High temperatures at extreme salinities retarded the develop-
nient.
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